This study examines the sensitivity in predicted levels of atmospheric organic particulate matter (M o , μg m −3 ) as those levels may potentially be affected by changes in relative humidity and temperature. In a given system, for each partitioning compound, f g and f p represent the gaseous and particulate fractions (f g þ f p ¼ 1). Sensitivity in the M o levels becomes dampened as the compounds contributing significantly to M o are increasingly found in the particle phase (f p → 1). Thus, although local maxima in sensitivity can be encountered as M o levels increase, because as M o increases each f p → 1, then increasing M o levels generally tend to reduce sensitivity in M o levels to changes in relative humidity and temperature. Experiments designed to elucidate the potential magnitudes of the effects of relative humidity and temperature on M o levels must be carried out at M o levels that are relevant for the ambient atmosphere: The f p values for the important partitioning compounds must not be elevated above ambient-relevant values. Systems in which M o levels are low (e.g., 1-2 μg m −3 ) and/or composed of unaged secondary organic aerosol are the ones most likely to show sensitivity to changing relative humidity and temperature. Results from two published chamber studies are examined in the above regard: [Warren B, et al. (2009) T he effects of varying relative humidity (RH) on ambient aerosol particles composed of inorganic materials such as NaCl and NH 4 HSO 4 are well understood (1). In contrast, the understanding of the effects of varying RH on aerosol organic particulate matter (OPM) is less perfect, though it can be said that as with inorganic materials, a range of hygroscopicities can be expected: Particles composed of cuticular plant wax compounds are minimally hygroscopic, whereas aged/oxidized secondary organic aerosol (SOA) particles can be at least moderately hygroscopic.
T he effects of varying relative humidity (RH) on ambient aerosol particles composed of inorganic materials such as NaCl and NH 4 HSO 4 are well understood (1) . In contrast, the understanding of the effects of varying RH on aerosol organic particulate matter (OPM) is less perfect, though it can be said that as with inorganic materials, a range of hygroscopicities can be expected: Particles composed of cuticular plant wax compounds are minimally hygroscopic, whereas aged/oxidized secondary organic aerosol (SOA) particles can be at least moderately hygroscopic.
Mechanism I: When OPM exhibits hygroscopic properties, increasing the RH will lead to uptake of water into the particles and the aerosol mass concentration will increase. And, if the organic compounds capable of contributing significantly to the particle phase (i.e., those with low enough vapor pressures) are not already mostly in the particle phase, there is the potential that the increasing aerosol mass concentration can draw significantly more condensable organic mass into the particle phase. The end result can be simultaneous increases in the water and organic portions of the aerosol mass concentration, represented here as M w (μg m −3 ) and M o (μg m −3 ), respectively. Mechanism II: When M o is considerably below 100% of the total mass concentration of condensable compounds (e.g., ∼5% condensed) so that the system is capable of a significant percentage increase in condensation (e.g., ∼5% to ∼10% condensed), increases in RH can cause significant increases in M o even when the condensing OPM is minimally hygroscopic. As discussed by Chang and Pankow (2) and Pankow and Chang (3) , under such threshold conditions even a small increase in the water content of the OPM can cause a sufficient decrease in the mean molecular weight of that phase so that the values of the relevant gas/particle partitioning constants K p increase enough to double or even triple M o . On the other hand, there can be little effect of RH on M o whenever the majority of the condensable organic compounds are already mostly condensed. The design of any experimental study to discern the effects of RH (or temperature) on M o levels must take these facts into consideration.
Model
Temperature-dependent gas/particle condensation in the atmosphere has been described by Pankow (4, 5) . For compound i, the total atmospheric concentration T i (μg m −3 ) is assumed to be distributed over the gas (G) and particle (P) phases according to
where F i (μg m −3 ) is the P-phase portion and A i (μg m −3 ) is the G-phase portion. The fraction of compound i that is in the particle phase is (6)
Growth of F i at the expense of A i amounts to increased condensation of i. As the degree of condensation increases towards 100%, then F i → T i and f p;i → 1.
When the partitioning is occurring to a single organics þ water phase with mass concentration M oþw (¼M o þ M w ), then with K p ¼ ðF i ∕M oþw Þ∕A i , we can write for all partitioning compounds (including water) that (6) 
Low M oþw values favor low f p;i values and therefore favor sensitivity in M o to RH (and temperature). Conversely, high M oþw values lead to dampened sensitivity: When f p;i ≈ 1 for all of the compounds contributing significantly to M o , changes in ambient conditions will not easily lead to significant changes in M o .
Because of the close interplay between temperature and RH, it is difficult to carry out studies in the ambient atmosphere of the effects of RH alone on OPM levels. Indeed, changes in RH in the atmosphere are most often caused by changes in temperature, and temperature itself has a strong effect on each K p;i through the underlying pure compound vapor pressure value of compound i (4). Traditional SOA chamber experiments involving the reaction of some amount ΔHC (μg m −3 ) of parent hydrocarbon(s)
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Because SOA chamber experiments have almost always been designed so as to produce easily measured values of M o , the great majority of such experiments have been conducted by using relatively high values of ΔHC (μg m −3 ), usually >50 μg m −3 and quite often >100 μg m −3 . Consequently, it has often been the case that f p;i ≥ 0.5 for the compounds making up the bulk of the M o that is measured: This type of circumstance does not facilitate observation of RH sensitivity in M o .
We now consider two recent studies in the above context: (i) Warren et al. (7) "Secondary organic aerosol formation from cyclohexene ozonolysis in the presence of water vapor and dissolved salts," which was designed to elucidate effects of water and/or various seed salts [ðNH 4 Þ 2 SO 4 , NH 4 HSO 4 , CaCl 2 , NaCl] on M o and M oþw levels and, in the case of water, possible effects on gasand particle-phase reactions; and (ii) Prisle et al. (8) "Humidity influence on gas-particle phase partitioning of α-pinene þ O 3 secondary organic aerosol," which was designed to elucidate effects of water on M o and M oþw levels for SOA formed on ðNH 4 Þ 2 SO 4 seed particles.
Results
Fraction Condensed in the Chamber Experiments of Warren et al. (7) . A series of 52 SOA chamber experiments with cyclohexene þ O 3 were conducted at 27°C by using no seed aerosol and a range of humidity conditions, including: (a) 23 "dry" experiments, RH < 0.1%; (b) 13 "low" humidity experiments, RH ≈ 30%; (c) five "medium" humidity experiments, RH ≈ 46%; and (d) 11 "high" humidity experiments, RH ≈ 63%. Fitting the dry experiments to a one-product model reportedly gave K om ¼ 0.141 m 3 μg −1 and α ¼ 0.105. K om is the K p value for partitioning of that hypothetical single product to the OPM, and α is the stoichiometric coefficient giving the mass fraction of ΔHC that leads to the hypothetical single condensable product according to
The results of Warren et al. (7) indicated increasing yields of total aerosol (M oþw ) with increasing RH. However, the "non-dry" results were also found to collapse to a single "water-removed" M o vs. ΔHC curve with α ¼ 0.128, K om ¼ 0.135 m 3 μg −1 . When using that type of approach for the non-dry results, although Eq. 3 is more representative of the actual nature of the partitioning process, it is assumed for simplicity that f p can be written as Fig. 1 indicate that only a small fraction of the experiments were conducted under conditions such that f p < 0.5 for the dominant SOA products condensing under the conditions investigated. Thus, although the Warren et al. (7) data are certainly useful regarding elucidation of the possible effects of water in the SOA formation mechanism, they do not address the potential of RH to affect M o levels by either mechanism I or mechanism II.
Fraction Condensed in the Chamber Experiments of Prisle et al. (8).
For their chamber work in the α-pinene þ O 3 system by using varying RH at 22°C, Prisle et al. (8) state: "We present experiments using initially dry α-pinene þ ozone secondary organic aerosol (SOA) on ammonium sulfate (AS) seeds at atmospheric concentrations in a smog chamber. After SOA formation, the chamber relative humidity is increased steadily by addition of steam to near 100%. Little subsequent SOA mass growth is observed, suggesting that none of these potential effects play a strong role in this system." For those experiments, in their figure 3, Prisle et al. (8) ." The T i product distribution assumed here on the basis of Donahue et al. (9) is given here in Fig. 2 for ΔHC value ¼ 26 μg m −3 . The α i values assumed for the product distribution are given in Table 1 
or simply
Eq. 6 was solved iteratively for M o , and the F i values for each of the three cases were obtained thereafter by applying Eq. 3. Table 1 .) Two scenarios are considered: first with the K p;i values of the Donahue et al. (9) distribution, then with those K p;i doubled. The ×2 scenario has been selected here because a factor of 2 increase in partitioning of organic compounds because of uptake of water is easily in the range of an effect of increasing RH (2, 3).
It may now be recalled that the approximate range of the Prisle et al. (8) experiments for M o ðdryÞ was ∼6 to ∼16 μg m −3 . These values are bold in the following text. As predicted on the basis of the above discussions, the least sensitive case when going from K p;i × 1 to K p;i × 2 is that, for ΔHC ¼ 130 μg m −3 , M o changes from 16 to 22 μg m −3 (37%). For ΔHC ¼ 69 μg m −3 , M o changes from 6.0 to 8.9 μg m −3 (48%). For ΔHC ¼ 26 μg m −3 , some significant sensitivity is finally attained, and M o changes from 1.0 to 1.9 μg m −3 (91%). In particular, as ΔHC decreases so that M o decreases, the fractional "filling" values for all of the bins (i.e., the f p;i values) decrease and so it becomes easier for those fractional fillings to change when the system conditions change. Two specific observations may lastly be made regarding the Prisle et al. (8) study. First, the sensitivities predicted here when going from 
Discussion
In the study by Chang and Pankow (2), an RH-dependent twoproduct model was developed for α-pinene þ O 3 on the basis of "two-product" model values for K p;i and α i derived from conventional chamber studies carried out at relatively high ΔHC values; both dry-case K p values were about 0.1 m 3 μg −1 . At ΔHC ¼ 30 μg m −3 , more sensitivity was predicted by Chang and Pankow (2) than reasonably predicted for the Donahue et al. (9) distribution. However, for the latter, it is not simply the presumption of more than two products that leads to reduced sensitivity. Rather, it is because several high K p products are assumed. Thus, for a given K p;i distribution of interest, it is important to understand what a given set of K p;i values implies about the T i values required for M o to approach zero. 
To examine sensitivity (percent change) for M o to changing K p;i values as ΔHC decreases, values of F i and M o are also calculated assuming that the K p;i values are doubled (K p;i × 2). In order for M o → 0, Eq. 6 requires
as has been shown by Bowman et al. (11) by another approach. Thus, for atmospheric conditions for which M o ¼ 0 and the system is just saturated with respect to OPM formation, then When the presence of all condensable organic compounds is tied to ΔHC according to Eq. 4, then substituting Eq. 4 in Eq. 6 gives
which gives ΔHC as a function of M o , and vice versa. Conditions of high sensitivity in M o will be reached when ΔHC falls close to the value below which no condensation can occur. A plot of M o vs. ΔHC for the product distribution of Donahue et al. (7) is provided in Fig. 6 . The actual point of saturation ("incipient SOA condensation") can be obtained from Eq. 9 as the value for which
as has been discussed by Seinfeld and Pandis (13) . For the product distribution of Donahue et al. (7) , ΔHC sat ¼ 2.17 μg m −3 . Because product distributions can change with time, ΔHC sat values will also change. The relevant K p;i values may be relatively small for fresh SOA, which means that ΔHC sat can be relatively high for fresh SOA and probably that fresh SOA will in general be more subject to RH and temperature sensitivity. However, as SOA ages and becomes (i) increasingly oxidized and polar (without extensive carbon-carbon cleavage) and/or (ii) increasingly subject to accretion reactions (14-16) that increase product molecular weight, then the concomitant increases in the K p;i values will lead to significant decreases in ΔHC sat and the RH and temperature sensitivity. Overall, it will not be possible to observe an appreciable increase or decrease in the OPM level because of a change in some parameter such as RH or T when most of the reasonably condensable organic compounds are condensed. Most of the condensable organic compounds will be condensed when OPM levels are high. Experiments on the effects of RH or temperature must be carried out at relevant (i.e., low) OPM levels. Systems in which OPM levels are low and/or composed of unaged SOA are the ones most likely to show sensitivity to changing RH and temperature. 
